
 
These records are from CDER’s historical file of information 
previously disclosed under the Freedom of Information Act (FOIA) 
for this drug approval and are being posted as is.  They have not 
been previously posted on Drugs@FDA because of the quality 
(e.g., readability) of some of the records. The documents were 
redacted before amendments to FOIA required that the volume of 
redacted information be identified and/or the FOIA exemption be 
cited.  These are the best available copies.   























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































h. In vitro activity in the prasence of excess human plasma 
proteins. 

In vitro protein binding of rad1olabelled ritonavlr in rat, 
dog, non-human primate, and human plasma has been reported to be 
99% (Denisson and Johnson, Abbott Laboratories report 
1993). In order to determine the effect of protein binding on 
the antiviral activity of ritonavir in vitro excess serum was 
added to the MT4 cell growth media to a final concentration of 
60% by volume (lOi fetal bovine serum, and 50% human serum). 
Under these conditions the standard MTT/CPE reduction assay 
(section b) was performed. MT4 cells were acutely infected with 
HIV-lma (MO! 0. 0032) in the presence of ri tonavir. ECso results 
indicate that ritonavir antiviral activity was reduced 10-20-fold 
(enclosure 20) . These data demonstrate a decrease in antiviral 
activity due to the presence of plasma proteins in vitro, and 
suggest that ritonavir antiviral activity will likely be effected 
in vivo. However, the degree to which this may occur and the 
clinical ramifications of such events are not predictanle. 

i. Development and analysis of ritonavir-resistant HIV-1 variants 
in vitro. 

An HIV-1 laboratory strain (HIV-1NL4_ 3 ) was propagated in MT4 
cells in the prPsence of ritonavir at subinhibitory 
concentrations ranging, in a stepwise fashi.on, up to 2. O µM. A 
change in HIV-1 ritonavir-susceptibility was first noted in the 
passage 19 (p19) viral population. Ritonavir concentration at 
p19 was up to 0.8 µM. By p22 the ritonavir concentration was up 
to 2.0 µM. A standard p24 HIV-antigen production analysis was 
performed on the p19 and p22 virus populations. The of 
these virus populations had increased 6-fold and 27-fold in p19 
and p22, respectively (enclosure 13). These data demonstrate 
that it is biologically possible for to develop a 
measurable degree of ritonavir resistance. The clinical 
ramifications of these data is not predictable at this time. 

Genotypic analysis the PR genes bf representative virus 
clones from pl9 (13 clones) and p22 (10 clones) revealed certain 
specific nucleotide substitution mutations which should alter the 
deduced amino acid sequence at positions 84, 82, 71, 63, 46, and 
34 (enclosure 14). Double mutations at amino acids 84 (Ile to 
Val) and 46 (Met to Ile) were the predominant mutations -in clones 
from p19 (12/13). By p22 the amino acid 34 mutation was no 
longer detectable, but amino acid mutations in at least 4 of the 
5 remaining positions were detected in all p22 clones tested 
il0/10). Thus, amino acid 84 and 46 mutations appear first and 
may be interpreted as "dominant" mutations in the in vitro 
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system. The amin0 acid 82 and 71 mutations emerge later and may 
be construed as "secondary" mutations in vitro. These data 
demonstrate that HIV-1NL4-J va t"iant populations (pl 9 .:.ind p22) 
contain am~no acid mutation= ~D the PR gene sequence which may er 
may not contribute to the phenctypic decrease in ritonavir 
susceptibility. 

To address the question of whether a causative relationship 
exists between these genetic mutations and the phenotypically 
expressed ritonavir resistance in vitro site-directed mutagenesis 
was used to construct HIV-lN~- 3 variants. These cloned virus 
variants should only contain the mutations shown in Enclosure 15 
against a parent HIV-lNi.4 _ 3 genetic background. susceptibility 
testing was performed on these virus constructs using the p24 
inhibition assay in acutely infected MT4 cells. Of the single 
mutations evaluated only positions 84 (Ile to Val) and 82 (Val to 
Phe) produced a shift in ritonavir susceptibility; 10-fold and 5-
fold, respectively. The double mutant 84 (Ile to Val)/46 (Met to 
Ile) produced a 9-fold decrease in susceptibility, thus- the 46 
mutation in this clone provided no detectable resistance 
advantage. Of the other mutations analyzed, (enclosure 15) they 
either failed to result in susceptibility changes or were not 
measurable due to apparent growth kinetics impairment in cell 
culture. 

These data demonstrate that certain point mutations in the 
HIV-1 PR can cause a shift in ritonavir susceptibility and that 
these changes are likely involved, the degree of which is 
unknown, in the changes in susceptibility observed in the pl9 and 
p22 "ritonavir-resistant" isolates produced in vitro. 

j. Phenotypic and genotypic analysis of HIV isolates from 
patients during therapy with ritonavir. 

HIV PR gene sequences were monitored during ritonavir 
therapy for a sample of 44 trial participants (M93-112, M94-169, 
and M93-134) with evaluable viral isolates from both baseline and 
ongoing therapy timepoints (3 to 32 weeks). As would be expected 
the baseline HIV PR gene sequences from patient isolates were 
highly variable. When studies of baseline PR sequences were 
compared to the HIV-1 clade B prototype sequence approximately 
37% and 50% of the nucleotide se.1uence and deduced amino acid 
sequence were found to be naturally polymorphic, respectively. 
Once ritonavir therapy was introduced to patients their H!V-1 
populations, evaluated as a whole, developed 9 specific PR amino 
acid sequence mutations which are thought to be directly related 
to the presence of ritonavir; 90, 84, 82, 71, 54, 46, 36, 33, and 
20 (enclosure 16). 
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To examine whether a preferential PR gene mutation pathway 
existed in this system a comparison/analysis of the total number 
of mutations relative to their qualitative site was performed on 
41/44 participants. The results of this analysis is shown in 
Enclosure 17. These data suggest that ritonavir-induc"d PR 
mutations occur most frequently in the following cumulative 
order: 82 (Val to Ala/Thr/Phe), 54 (Ile to Val), 71 (Ala to Val), 
36 (Met to Ile), followed by combinations of mutations at 20 (Lys 
to Arg), 46 (Met to Ile), 84 (Ile to Val), 90 (Leu to Met), and 
33 (Leu to Phe) . The predominant mutation occurred at position 
82. According to the sponsor the absence of an 82 mutation, 
regardless of the combinations and accumulations of the other 8 
possible mutations, always yields a ritonavir-susceptible isolate 
when tested ex vivo. The spons·..>r states that when a decrease in 
ritonavir susceptibility was noted (18 tested for phenotypic 
changes in susceptibility out of a total of 44) a mutation at 
position 82 was always present. However, there were incidences 
where an 82 mutation was detected but the isolate still retained 
full ritonavir-susceptibility. These ob~ervations support a 
hypothesis that the 82 mutation may be necessary but not 
sufficient for decreased susceptibility to ritonavir. Upon 
closer examination of the data submitted in the NDA we found 
caveats lo this ''82-mutation" rule. Patient #306 showed, on day 
57 of therapy, . 7-fold decrease in ritonavir susceptjbility but 
lacked the 82 mutation, and patient #311, on day 85 ot therapy, 
showed a 20-fold decrease in drug susceptibility but lacked the 
82 mutation. 

When queried on their conclusions about "the 82 mutation 
rule" Abbott responded with additional data not submitted with 
tbe original NDA package. The sponsor stated that the NDA data 
package included "some" sequence data which was derived from 
proviral DNA; these data included the day 57 and day 85 virus 
specimens in question. Included in the new data package 
(Abbott/Jeanne Fox, faxed Feb 5, 1996) are additional PR sequence 
data on patients #306 and #311 which confirm the presence of the 
82-mutation in cell-free HIV-1 isolated from those individ~als 
prior to the day 57 (#306) and day 85 (#~11) proviral specimens. 
We requested, received, and will only consider the sequence data 
generated from cell-free clinical isolates when defininq the "82-
mutation rule". We find that when sequence a11alysis is performed 
on viral RNA extracted from plasma derived cell-free virus 
particles the rule stands, but if proviral DNA isolated from 
patients PBMCs at the same time point is the sequence source we 
find exceptions to the rule. 

It has been well established that HIV-1 genetic sequence 
mutations are detected initially in a patients cell-free plasma 
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associated HIV-1 population. At a later timepoint the proviral 
DNA specimen from HIV-1 infected PBMCs from the same individual 
will present detectable HIV-1 mutations which are identical to 
those seen earlier in the cell-free HIV-1 specimen (Kaye et al., 
1995). The lag time between detectable mutations in viral RNA 
and proviral DNA is thought to be highly variable but estimated 
in one study to be approximately 25 days (Kaye et al., 1995). 
Another report suggests that provi~al DNA in infected PBMCs has a 
high degree of sequence complexity (excessive HIV sequence 
variability) and that many of those may be replication-defective 
(Coffin, 1995i. Thus, the sequence information generated from 
proviral DNA clones may not best re-1..·resent the rapidly
repllcating HIV population found in plasma. At this time and for 
these reasons, the "82 mutation rule" should only be considered 
when dealing with cell-free HIV particles isolated from plasma 
and not proviral HIV from infected PBMCs. In order to establish 
statistical relevance between the "82 mutation rule" and 
resistance development in HIV populntions Abbott Laboratories 
should be encouraged to continue to study genotypic and 
phenotypic resistance in clinical isolates. The goal being to 
produce data which may establish an early detection method for 
evolving "pre-res1stant" HIV-1 subpopulations prior to phenotypic 
expression of susceptibility changes when tested in vitro. 

Selected patients treated with ritonavir have been shown to 
develop HIV-1 isolates with reduced susceptibility to th drug 
(12/18 tested); ranging from a 6-fold to a 250-fold deci~ase from 

matched pair baseline values (enclosure 18). Although these 
genotypic and phenotypic susceptibility data suggest that 
genetic-based resistance development is biologi.cally possible the 
clinical relevance of these changes has Lot been well studied, 
therefore, not established. 

Certain HIV isolates generated during ritonavir therapy 
which were found to phenotypically possess decreased sensitivity 
to the treatment drug were evaluated in vitro for their 
susceptibility changes to other PRis compared to matched pair 
baseline values; including saquinavir, indinavir, VX-478 and AG 
1343 (enclosure 19). Six of these isolates old not have a 
decrease in .i.n vitro susceptibili t.; compared to matched pair 
baseline values. However, two of these isolates demonstrated 
decreased susceptibility to indinavir in vitro (8-fold). Four of 
the 6 were also tested for cross-resistance to VX-478 and AG 
1343. only one isolate had a decrease in susceptibility· ·to AG 
1343 (12-fold), and none to VX-478. These cross-resistance data 
suggest, as has been previously discussed, that there is some 
overlap of genotypic and phenotypic resistance development 
betweP.n the treatment drug (ritonavir) and other PRis for which a 
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patient is naive. The potential for HIV cross-resistance between 
PRis has not been fully explored. Therefore, it is unknown what 
effect ritonavir therapy will have on the activity of 
concordantly or subsequently administered PRis. The impact of 
PRI-resistance development in the target HIV population on the 
clinical progression of AIDS in PRI recipients has not been 
thoroughly explored, therefore the impact on patients is unknown . 
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CONCLUSIONS 

Abbott Laboratories has submitted an NDA #20-659 to support 
a full approval for ritonavir for the treatment of HIV infection 
in ad~lts. The sponsor provid2d p1eclinical information and data 
which includes: defining the mechanism of action, in vitro 
activity, limited in vitro activity in cc1mbination with RT 
inhibitors (ZDV and ddI), th~ impact of excess plasma proteins 
on activity in vitro, and evaluation of HIV ritonavir-resistance 
development in vitro. With respect to microbi0logy, this NDA is 
approved pending acceptance of final draft labeling. 

Ritonavir is a peptidominetic inhibiLor of HIV-1 and HIV-2 
PR (more activity associated with HIV-1 PR) which renders the 
enzyme essentially inactive. Therefore, the gag-pol polyprotein 
precursor cannot be processed correctly. This leads to the 
production of immature/noninfectious HIV particles. In vitro, 
ritonavir has substantial antiviral activity against HIV-1 
laboratory strains and low pas~age clinical isolates, a·nd EC50 
and ccrcso data reveal a therapeutic index of ~1000 in vitr0. 
Rit0navir activity in vitro is comparable to that of ZDV. Anti
HIV-2 activity is less prominent but only limited studies have 
been performed on this issue (activity data for one HIV-2 
laboratory strain was provided with the NDA). Therefore, if the 
sponsor intends to promote ritonavir for the treatment of HIV-2 
infections a thorough preclinical analysis of in vitro actjvity 
should be performed on low passage clinical isolates. Ritonavir 
and either ZDV or ddI exhibited an additive antiviral effect in 
vitro. Th~ sponsor has already initiated a safety study of the 
combination of ritonavir and saquinavir in HIV-1 infected 
patie~ts. The sponsor does not appear to have performed 
ritonavir and saquinavir combination studies in vitro. To rule 
out the possibility of an antagonistic relationship between 
ritonavir and any other antiviral agents in vitro cornbinatiun 
studies should be performed prio~ to use in clinical trials. 

HIV-1 isolates with reduced suscept~bility to ritonavir (27-
foldl have been selected in vitro. Genotypic analysis of these 
isolates showed predominant mutations in the HIV protease gene at 
amino acid positions 84, 82, 71, and 46; 84 being the dominant 
mutation. These data showed that the development of ritnnavir
resistant HIV-1 isolates is biologically possible. Site din.cted 
mutagenesis studies demonstrated that point mutations at·"'Position 
84 and 82 could each decrease ritonavir-susceptibility of the 
HIV-1 clone by 10-fold and 5-fold, respectively. The the 84 and 
the 82 mutation did not express additive ~itonavir-resistance 
when present as a double mutation. 
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In order to address the question of ritonavir resistance 
development in vivo 44 participants with evaluable viral isolates 
from uaseline were monitored during therapy for PR gene 
mutations. Once ritonavir therapy was introduced to patients the 
HIV-1 population developed 9 specific PR amino acid mutations at 
position 90, 84, 82, 71, 54, 46, 36, 33, and 20. A pathway for 
the development of these mutations were examined in 41 patients. 
These data suggest that ritonavir-induced PR mutations occur most 
frequently in the following cumulative order: 82, 54, 71, and 36, 
followed by combinations of mutations at the additional 5 
specific amino acid positions. The predominant mutation site in 
in vivo developed specimens is at position 82, different from 
what is seen in vitro. Phenotypic susceptihility changes were 
evaluated in 18 of the above 44 participants. Twelve of 18 had 
isolates with reduced susceptibility to ritonavir ranging from 6-
fold to 250-fold compared to matched pair baseline values. Re
ev~luatlon of th~ 12 "resistant" isolates revealed that if a 25-
fold resistance shift was detected the 82 mutation was always 
present. With the limited data available to date there are no 
exceptions to this observation. Serial HIV-1 isolates obtained 
from 6 patients which showed a decrease in ritonavir 
susceptibility ln vitro did not demonstrate a concordant·decrease 
in susceptibility to saquinavir in vitro when compared to matched 
baseline isolates. However, two isolates demonstrated decreased 
susceptibility to indinavi.c 1 'j-.L.::ld), and of 4 teste:d in vitro 
against VX-478 and AG 1343 onlt one isolate had a de·.:rease in 
susce~tibility to A~ 1143 (12-fold). The potential for cross
resistance between PRis has not been fully explored. Therefore, 
it is unkno•·m what effect ritonavir therapy will have on th~ 
activity of concorddntly or subsequently administ red PRis. 

A re~iew of the surrogate ma~ker data, virologic and 
immunologic, from the 9 clinical trials, will be attached to 
this review document a.s an addendum at a later date. 
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PHASE IV REC<JMMENDATIONS 

The sponsor should address the recommendations made for 
preclinical follow up in ongoing and future phase IV clinical 
studies. 

1. Please consider performing a thorough analysis of the 
antiviral activity in vitro of other PRis against paired clinical 
isolates pre- and post-ritonavir therapy. In addition, if 
ritonavir is to be approved for use in combination with ZDV or as 
a post-ZDV therapy alternative a more thorough analysis of ZDV
resistant HIV isolates tor susceptibility to ritonavir sn~uld be 
considered; which includes more than one unique specimen. 

2. In order to establish statistical relevance b~tween the 82 
mutation and resistance development in HIV populations you are 
encouraged to contin1Je to study '.jenotypic and phenotypic 
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resistance ln clinical isolates. These data may help to 
establish an early detection method tor evolving "pre-resistant" 
HIV-1 subpopulations prior to phenotypic expression of 
susceptibility changes. 

3. If ritonavir is intended for the treatment of HIV-2 you 
should consider conducting a more extensive preclinical analysis 
of drug activity using HIV-2 laboratory strains and clinical 
isolates. The information on the HIV-2 antiviral effects of 
ritonavir provided in the NOA is inadequate. 

4. Since it is clear that ritonavir may be used in combination 
with other PRis , such as saquinavir, it is stronqly recommended 
that in vitro combination studies be performed on the potential 
PRI combinations. It is possible that PRis in combination could 
have an antagonistic relationship with respect to activity in 
vitro and perhaps manifest that relationship in vivo. Therefore, 
an activity analysis in vitro would be prudent. 
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HFD-530/Review Micro/L. Iacono-Connors 
HFD-530/c:o/K. Struble 
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Table l" 
Clinical Study Summary 

~tudy Desi en Treacment Group 

~dequate and Well-Controlled Pbue m Studt• 
M94-245 Ph&se:III Ritonavir 600 mg BID • 
Date&: 2195· Design: Double-blind, randomit.ed, three-arm, 118 
1on1oin& p1t1llel lfOUp, multlcenter, international Zidovudine 200 mg no = 

No. of centers: 34 121 
Randomization Rhonavir 600 mg BID plus 
Ratio: Equal group sir.es (ritonavir 600 ma BID; Zidovudine 200 mg TIO == 

Interim summary udovudine 200 m111D. ritonavir 600 ma 117 
for NOA BID plus tidovudine 200 ma no) 
submission cutoff Study lengUl: 28-day screenina period. 7-day lead-in, Total Rando!llized = 356 
!date: Earlier of 16 double·b!ind treatment period (interim -
weeks and 9/2819S analysis after h.1 weeks), unlimited open-

label treatment period .. 
Dose selection: Randomized to fixod dose . -M94-247 Phase: W Ritc11avir 600 mg BID = 

D11es: 4195· Design: Double-blind, randomized, two-ann, S43 
ongoing parallel aroup, multiccnter, international Placebo = 54 7 

No. of centers: 67 
Randomization Total Randomized = I 090 

Interim su1'1JT\ary Ratio: Equal group siies (ritonavir 600 mg BID: 
forNDA placebo) 
submission cutoff Study length: 28-day screening period, 7-day lead-in. 
~te: Earlier of 16 double-blind c.reatmenl period (interim 
weeks and 9113195 analysis after 16 weeks), uniimited open· 

label treatment period 
Dose selection: Randomized to fixed dose 

NDA Vol 196/399 p 4-7 
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Table 1" 
Clinical Study Summary (Continued) 

Study DeAcn Treatment Group 

Adeauate and Well-Controlled Phase R Studies 
M93-l 12 Phase: II Dosins Group I: 
Oates: 1194-1/9.5 Design: Multiple-dose, double-blh1d, randomir.ed, Ritonavir 300 ma q I 2h = 

plaeebo-conlrollcd .• nulciceruer 13 
(Europe/Australia) Ritonavir 400 mg q I 2h = 

No. of ccnten: 9 13 
Randomization Placebo q12h = 13 
Ratio: Equal group 'izcs (Group I: ritonavir 

300 mg q l lh, ritonavir 400 mg q l 2h, Dosing Group ll: 
placebo; Group D: ritonavir 500 mg q I 2h, Ritonavir 500 mg q J 2h = 
ritonavir 600 mg ql2h, placebo) 15 . 

Study length: Screening Period, 2-weck washout, 28 Riton11vir ~mg q l 2h = 
days lleatment, oplional e> '"nsion 15 

Dose selec1ion: Randomized to fixed dose; subjects in Pllcebo qt2h = 15 
Group II assiancd af1er safety or the dose . 
in Group I was established Total Randomized a: 84 

M93-J34 Phase: II Dosing Group I: 
Dates: 1194-9/94 Design: Multiple-dose, double-blind, randomized, Ritonavir 200 mg q8h = l 0 

plac:eb<K:ontrolled, muhicenter (US) Ritonavir 300 mg q8h = l 0 
No. of centers: 6 Placebo q8h s: 11 
Randomization 
Ratio: Equal group lizes (Group I: ritonavir Dosina Group II: 

200 mg q8h. ritonavir 300 mg q8h, Ritonavir 200 mg q6h = 11 
placebo; Group U: ritonavir 200 mg q6h, Ritonavir 300 ma q6h = 10 
ri1~navir 300 mg q6h, placebo) Placebo q6h "" I 0 

Study length: Screening Period, 2-weck wuhoul (I week 
for patients with no previous antiviral Total Randomized = 62 
therapy), 28 days acute treatment phase. B· 
week extension phase, optional 
continu.tion in Study M93-l34x 

Dose selection: Randomized to fixed dose; subjects in 
Group U assiancd after safety or the dose 
in Group I wu established 
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Table I 
Clinical Study Summacv (Continued) 

Uncontrolled Phase II Extension Studies 
M94-169 Phase: II Sludy M93- l l 2 Dosing 
Dates: 1/94- Design: Continualion of lhe 4 week. double-blind, Oruup1: 

!Ongoing randomized. placebo-controlled, Dosing Group I: 
mulliccnlcr study M93- l l 2 Rilon1vir 300 ma ql2h = 17 
(Europe/ AusO'alia) Ritonavir 400 mg q I 2h = 17 

No. cf ccnten: 6 

Interim summary Randomiz.acion Dosing Group II: 
Ratio: Equal group sizes; soibjects continued R.iconavir SOO mg q12h = 21 for NOA ritonavir therapy assigned in Study Ritonavir 600 mg q 12h = 21 submission cutoff M93-1 l 2 (Group I: ritona'lir 300 ma q I 2h, dace: 6.115195 ritonavir 400 ms q l2h; Group ll: ritonavir Total Randomiz.ed = 76 

soo ms qllh. ritonavir 600 mg ql2h): 
subjecu assigned pllCCbo in Study . 
M93-1 l 2 were nndomly assigned to -
received one of the two ritonavir rcaimcns 
in their dosing group . 

Study length: unlimiled . 
Dose selection: Randomized to fixed dose; patients who 

discontinued from Study M93-1 l2 could 
be rechallcn~ed with open-label ritonavir 
300 mg q l 2h liquid formulation. All 
patients were elevaled to ritonavir 600 ma 
q I 2h (or lower dose i( not tolerated) after 
efficacy results established from Study 
M93-l l?.. 

M93-134X Phase: II Patients from Study 
Oates: 4194- Design: Continu11ion of Studies M93-134 M93-l34: 
ongoing (muhiple-do::. double-blind, randomized, Dosing Group l: 

placebo-cont.rolled, multiccntcr ) and Riconavir 200 mg q8h = 16 
M94-2S l (open-label, sinale-cc:nter, 8 Riton1vir300 mg q8h = 1.S 
week study) (US) 

Interim summary No. of centers: .s Dosing Group '1: 
Randomiution Ritonavir 200 mg q6h ~ IS for NOA Ratio: Eq1.1al group !!izes: subjccu continued Ritoravir 300 mg q6h = IS submission cu1off ritonavir therapy assigned in Study date: 611.S/95 M94-2.S I (riconavir 600 mg BID) or Study P1ticnts from Study 

M93- l 34 (Group I: ritonavir 200 mg q8h, M94 .. 2SI: 
ritonavir 300 ma q8h; Group II: ritonavir Rhon1vir 600 mg BID = 6 
200 mg q6h, ri,,,navi\ :mo mA q~h): · 
subjecu wigncd placebo in Study Tot.al Treated ::: 67 
M93-134 were randomly assigned to 
receive one of Che lwo riconavir regimens 
in lheir dosina amup 

.... 

Study length: unlimited U'cltmcnt 
Dase selection: Continued dose level from Study M93• 134 

.. or M94-251 

.. 

Bo~l~sure 1 (continued} 



Table 1 
Clinical Study Summary (Continued) 

Other Uncontrolled Studies 
M94-251 Phase: n Open-label Ritonavir 
Oates: 11194-3195 Design: Open-label, single-center (US) 600mg Bl0•6 

No. of centers: l 
Randomization Total Enrolled 11: 6 
Ratio: Noc applicable 
Study length: 8 weeks, c.>ptional extension in Study 

M93-l34X 
Dose selection: Fixed dose 

M94-229 Phase: l/U Dosing Group I: 
Dates: 11194-4195 Design: Multiple-:jose, open-label. multicenter rutonavir 400 mg no = 17 

(US) -
No. of centers: s Dosing Group II: 
Randomiz.ation rutonavir 700 mg BID = 
Ratio: Equal group siz.es (Group I: ritonavir 400 13 . 

mg no; Group Il: ritonavir 700 mg BID) 
Study length: Screening Period, 2-week washout, 28 Tot.al Randomized = 30 

days treatment, optional open-label 
extension 

Dose selection: Fixed dose; subjects in Group II assigned 
alter safety of the dose in Group I was 
established 

M94-208 Phase: U Phase I (14 days): 
Daics: 3195. Design: Open-label, mullicentcr (France) Open-label Ritonavir 
ongoing No. of centers: 6 600 mg BID = 32 

Randomization 
Ratio: Not applicable Phase n (Up to six 
Study length: 14 days ritonavir alone, combination drug months): 

Interim summary phase (total duration 6 months; ritonavir. Open-label Ritonavir 

forNDA zidovudinc, and zalcitabine), optional 600 mg BID, Zidovudine 

submission cutoff maintenance phase 200 mg 110, and 

dace: 8125195 Dose selection: Fixed dose Zalcitabine 0.75 mg no= 
32 

To11l Enrollt.d = 32 

. ..,_ 
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Table 13. Disaibution Of Patient Subset Evaluated for Gcnotypic 
'£miation In HIV en>tease Purine lbcrapy with ABT-538 

SIUdy Protocol Dosing Regimen No. of Patients To&al No. of HIV Protease 
' Evaluated in Dosing Sequence1 Obtained in Dosing 

OIQIP Group 

t.<!93-112:~-169 300 ms ql2h 5 19 

>.i93-112;1\of94-l69 400 mg ql2h 8 45 

M93-l l2; M94-169 500 mgql2h 8 35 

M93·112~1\of94-169 600mgql2h 8 37 

M93-134 200mg q8h 8 19 

M93-l34 300mg q8h 8 18 

M93-134 200mg q6h 3 9 

M93-l34 JOO mg q6h 5 

Tolal 49 187 

Vol 54, p ll (Pre-NDA SubmissioD) 
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Table 1. Biochemical Specificity of ABT·538 Toward HIV~l 
Protease Belatiye to Human AQW!ic Acid Proteases 

Aspartic Acid Proceue 1cso<nM> 

HIV-1 proccase <l (K1 = IS pM) 

Human glSCricin >100.000 
Humao pepsin 10.000 

Hwnan catbcpsin D 24 

Human cathepsin E 8 

Humanaenin S3000 

Vol 54, p 2 (Pre-NDA Submission) 

.. 
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])b)e 3. In Vitro Antiviral Actiyjty_of A.l\~~'-538 Apinst J,,aboratory Strains of my 

-----------------------------...· ·--------------------
MOI >'! •• ::.11 UOI •0.0032 MOl•O.OCU MOl•0.0032 

-·- ___ ,,__ ..... 
lUV-1nm 0.01" ",..,:;9 0.081 0.183 
HIV·lMN . 0.006 t'..014 0.1~~ 0.205 -
BlV·IRF 0.057 0.108 0.27 0.SS 
lllV·lTR17 0.041 0.046 0.297 0.476 
HIV-2f:1 0.113 0.242 0.834 2.809 

Vol 54, p 4 (Pre-NDA Submiaaion) 

.. , 

.. 
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Table 6. Comparison of Antiviral Activity of ABT-538 and Reverse Transcriptase 
lnhihj19rs jn Acutely Infected MI4 Cells Cla1T/Cffi Reduction Asay) 

Virus ECsOOtM) 

ABT-538 DOC DDI AZT 

HIV-lmB 0.039 1.68 19.2 0.02 
HIV-I MN 0.014 1.19 11.3 0.026 
HIV-IRF 0.108 0.615 6.94 0.018-
HIV-ITRt7 0.046 0.906 18.6 0.119 
HJV-2MS 0.242 0.675 s.so o.oos 

Vol 54, p 5 (Pre·NDA Submission) 

- -.. 
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Table 4: Effect of Increasing MOI on Antiviral Activity of ABT-538 
Apinst HIV-1 UTB in MT4 Cells CMTrlcpE RMuctioo Assa)(} 

MOI 

EC50 

EC99 

0.00032 

0.02 

0.065 
• 

0.001 

0.016 

0.074 

0.0032 

0.025 

0.118 

0.01 

0.046 

0.272 

Vol 5-1, p 4 (Pre-NDA Subza.tssion} 

0.032 

0.079 
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Table S. Bffect of1imc or Addition or Removal of ABT-,38 on'" 
\Citrq Anliviml Acdyity lo MT4 Cells Acu~Y lnfo;tcd witb HIV· lDJB , 

0 

I 

2 

3 

• 

Addidon 

0.04 

0.00 

2.82 

>10 

>10 

BC.50 (J.&M) 

Removal 

I.BJ 

0.44 

0.1.5 

o.os 

Vol 54, p 5 (Pre-NDA Submi••ion) 

.. 



.. 

Table 7. /n Vitro ~ndviml_Acdvity of ABT,-.538 in MT2. Celli ~cutely Infected with Paired 
6ZI.Scnsigye ot; 6ZT Ro11s11p1 PaQMI lagla'Gn <MJT/CPB Rrduedoo A1gyl 

0.01] 0.111 0.076 0.454 

HIV·IAOll Q?IQ.6 {pgll·$ 9.918 0,()§l >10 >10 

lVlnll obWned Chroup &a. AIDS ltlllltdt Uc1 Refeauce ....... Propam, A1D3 Pmgram, NIAID, 
NIH: Contribulld by Dr. Dou1lu Richman. .. 

Vol 54, p 6 (Pre-NDA Suhm1••10D} 
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.. 
Tabtc 8. In Vitro SuscepdbWty of Low PusaJe HIV Clinical Isolates 

ID ABI·SJB in AQUIGIX lafaclGd l:!BMC (g2_ 6nd1ao Ellll ~111)1 

PllitnC No. Study Na. Loeadon IC50(µM) BC90(1.lM) 

108 M93-ll2 Mldrid 

llt. M93-ll2 lnllaca 

123 M9).ll2' Sydney 

118 M93-l12 Amaeardlm 

129 M93·11l Amlllrdam 

lll M93·112 Amnlntlm 

2l0 M93·112 Mldl'1 

221 M93·ll2 AmNrdlrn 

226 M93·112 S)'dney 

lOl M9l·l:l4 New York 

309 M93·ll4 NewYOft( 

334 M93·1:M Allbun• 

.. 03 M93·1~ ~!YE "·r1 

Vol 54, p 1 (Pre-NDA Submi••ion) 

... 
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Tobie 2. /11 VJa~q Cy1g101tictty of ABI~538 

Cell CCIC50UtM) 

MT4 5.5 
MTJ 22 

JBMS .. , 

lfncloaure ll 



Table 9. /11 Vitro Susceptibiliry 10 ABT~.538 of Patient Derived, 
l:UY lnfGctc.1 PBMC C~uhjyaccd wjrhl'BMC from NDIT11al Donoa 

Patient l..ocalion BC~g (~M) EC2Q ~t!?:!> 
CN 01ica10 O.llP 0 • .573 
MR Oicaao 0.14 0.'74 
WM Olica10 0.153 0 . .162 
WL Chiclao 0.046 0.410 
Mi· I (•72M) Amslf.rdam 0.044 0.166 
AM·1J4ll97i AmslfWin 2·21

' 0.071 

.. 

£nclo•ur11 12 



Virus 

.. 

1'able 10. Drug Susceptibility or HIV· l Varianu 
Sclr&\Cd In VUro by Wn;asios Concentrations of ABI-538. 

Concentrldon of ABT-Sl8 Sensltlvtty to ABT-.538 (JlM) 
ulCd in sekaion (µM} 

BCSO E.C90 

HIV·lNIA-3 0.03 0.2 

Pl9 0.80 0.18 ' P12 l.O 0.8 2 

Vol 54, .P !} (Pre .. NDA SublllJ.••.ioza) 
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Iabl' 11. YadlDQO io HlYfmlGAKBs=lm~G ~lb' l?areosal SQ:lin.HlY-ltnA-3 

Virus Amino Acid Rcaiduc No.or 
clones _.,...,....__._...,._ 

HTV·INL4.J E.''l4 M46 L6J A71 V82 1&4 

Pt9 v 10 
Pl9 Q v I 
Pl9 Q v I. 
P19 F v ~ 

Pll p v F v . 4 
P22 p F v 3 . 
P22 'i F v ) 

Vol 54, p 9 (Pr•-NDA Submi••ion) 

.. 
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Table 12. Susceptibility to ABT-538 of HIV·l 
MutAnts QeatM by Site-din;<.tcd Mytagenesis 

Virus Sensitivity to ABT·.538 (j&M) Scnshivitt Relative to 
HIV·lNLA-3 

EC50 EC9() 

lUV • lf'4A,.3 0.03 0.1 I 

I84V 0.2 I 8-lO 

V82F O.IS 0.4 4-S 

184V/M461 0.2 0.8 8·9 . 
L63P 0.03 0.1 

M461 0.02 0.07 

A 7l v 0.02 o.cn 
V82F/184V NDl NOi 

J,,63PN82Fll84V NDl NOl 

Susceptibility ccating precluded ~ ialpaj,rtdgowth tcinetics 

Vol 54, p lO (Pre~NDA Submission) 

-' 
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Figure I. F:cqucncy of Variation from the HIV-1 Protease Consensus B Sequence in:.- ~·~cnts Undergoing 
Therapy with ABT-538 CUitimate sequence only for each patient jn Ap,pendix A: Studjes M.2.l . J 2. M94-169. M93-t 34 l 
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TABLE I Analysis of plasma lilV protease scqucnct;s during ritonavir treatment. 

---·--
Numllcr of Nunibcr of 

Mutations S~uenoes V82Alf/F l54V A71Vff MJ61/1. l84V K20R i'.1461/1.../V LJl.F L90M 

21 20 0 l 0 0 0 0 0 0 

2 17 16 7 3 4 2 0 2 0 0 

3 17 17 lO 7 7 2 J 2 2 

4 lS 15 13 6 7 6 4 4 l 2 

'i 9 9 9 b 6 3 s 3 

6 2 2 2 2 2 2 0 0 

Total 81 79 41 26 26 14 13 13 6 s 
No. or 43 42 25 14 13 7 9 l I s 4 

Patients• 

Sequences from each patient were analyzed for the presence of consensus mutations selected by 

ritonavir, as defined in FIG I. Sites showing a mixture of the consensus amino acid and mutant 

amino acid were recorded as mutants. Multiple occurrences of the same set of mutations in 

individual patients were recorded only in the first instance. Single mutations which were observed 

both during and prior to the initiation of ritonavir therapy were not recorded. 

•total number of patients represented for each sequence. 

Preprint (Draft} p 7, Molla, et al, 1996 
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Eflcct of Human Serum on the Anti-ffiV ~ l llJB Activity of HIV Protease Inhibitors in MT4 
Cells 

Inhibitor 

Ritonavir 

Saquinr.vir 

Indinavir 

VX--478 

AG 1343 

----·---·------"4--- .,._ _______ _ 
0% Human Sorum 

0.058 ± 0.014 

0.011 ± 0.003 

0.038 ± 0.008 

0.066 ± 0.003 

0.011 ± 0.004 

SO% HnP'a'.l Scrum 
.• 

1.044 ± 0.306 

0.182 ± 0.060 

0.059 ± o.o 12 

0.287 ± 0.008 

0.317 ± 0.107 

Abbott Fax, 22 Feb 96, POC Jeanne Pox 
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